Theoretical study of the catalytic mechanism and metal-ion dependence of peptide deformylase.
The reaction pathway of deformylation catalyzed by E. coli peptide deformylase (PDF) has been investigated by the density functional theory method of PBE1PBE on a small model and by a two-layer ONIOM method on a realistic protein model. The deformylation proceeds in sequential steps involving nucleophilic addition of metal-coordinated water/hydroxide to the carbonyl carbon of the formyl group, proton transfer, and cleavage of the C-N bond. The first step is rate-determining for the deformylation, which occurs through a pentacoordinated metal center. The estimated activation energies with the ONIOM method are about 23.0, 15.0, and 14.9 kcal/mol for Zn-, Ni-, and Fe-PDFs, respectively. These calculated barriers are in close agreement with experimental observations. Our results demonstrate that the preference for metal coordination geometry exerts a significant influence on the catalytic activity of PDFs by affecting the activation of the carbonyl group of the substrate, the deprotonation of the metal-coordinated water, and the stabilization of the transition state. This preference for coordination geometry is mainly determined by the ligand environment and the intrinsic electronic structures of the metal center in the active site of the PDFs.